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Objective: To study the change in incidence of hospitalisation for a first acute myocardial infarction (AMI)
in the Netherlands from 1995 to 2000.
Methods: Patients hospitalised with their first AMI in the Netherlands in 1995 and 2000 were identified
through linkage of the national hospital discharge register and the population register.
Results: 21 565 patients hospitalised for their first AMI in 1995 and 19 058 patients hospitalised for their
first AMI in 2000 were identified. In both years, the age specific incidence of hospitalisation for a first AMI
was higher in men than in women and increased with age (up to 90 years). In both men and women, the
age standardised incidence was lower in 2000 than in 1995, a decline of 19% (95% confidence interval
17% to 21%) and 17% (95% confidence interval 14% to 19%), respectively.
Conclusions: Our study provides the first nationwide incidence estimates of first AMI in the Netherlands.
From 1995 to 2000, the risk of AMI declined considerably.

M
ortality from coronary heart disease (CHD) has
declined during the past decades in many western
countries.1 2 A decrease in CHD mortality is a

consequence of a decrease in incidence, case fatality, or
recurrence risk or a combination of these. Data from the
World Health Organization MONICA (monitoring trends and
determinants in cardiovascular disease) project, studying
population samples from 21 countries, have suggested that in
populations in which CHD mortality decreased, coronary
event rates contributed two thirds and case fatality one
third.3 Only a few countries provide nationwide data on the
incidence of acute myocardial infarction (AMI). Many other
countries, including the Netherlands,4 have to rely on
regional registries. However, after we recently showed that
patients could validly be followed up within Dutch national
(medical) registrations,5 we set out to study the nationwide
incidence of hospitalisation for first AMI, with emphasis on
the change in incidence from 1995 to 2000.

METHODS
Data sources
Cases of first hospitalisation for AMI were identified by
linkage of the Dutch national hospital discharge register with
the Dutch population register. The hospital discharge register
provides complete nationwide coverage of data on hospital
admissions since 1986. For each admission, a principal
diagnosis is determined at discharge by the treating physician
and coded by local hospital staff according to the International
classification of diseases, ninth revision, clinical modification
(ICD-9-CM).6 A single institution is responsible for training
hospital staff in coding. As the hospital discharge register
does not contain a unique personal identifier, we tracked
individual patients over time within the hospital discharge
register by using information from the population register.
The population register contains actual demographic infor-
mation on all registered people living in the Netherlands. All
analyses were performed in agreement with privacy legisla-
tion in the Netherlands at Statistics Netherlands.5

Cohort enrolment
In the hospital discharge register, 27 912 and 24 954 hospital
admissions with a principal diagnosis of AMI (ICD-9-CM
code 410) were registered in 1995 and 2000, respectively.
After linkage with the population register by the linkage
variables date of birth, sex, and numerical part of postal code,
25 142 and 22 470 admissions of patients with a unique
combination of linkage variables remained (90%).
Admissions linking with more than one person (adminis-
trative twins; two persons with the same date of birth, sex,
and numeric part of postal code in the population register
(7% in both years)) or with no person at all (for example, for
foreign visitors or illegal immigrants (3% in both years)) were
excluded. Selection of the first admission of all subsequent
admissions of a person during 1995 and 2000 yielded 23 172
patients in 1995 and 20 414 patients in 2000. Thus, 1970
readmissions for an AMI had occurred in 1995 (8%) and 2056
in 2000 (9%). Information on previous admissions of the
patients in 1995 and 2000 was obtained by linkage with the
hospital discharge registers of 1991–1995 and 1995–2000,
respectively. Patients with previous hospital admissions for
AMI were excluded (7% in both years). This resulted in the
final cohort of 21 565 patients in 1995 and 19 058 patients in
2000.

Data analysis
The incidence of hospitalisation for a first AMI in 1995 and
2000 (with 95% confidence interval (CI)) was computed by
age and sex. Numbers of unique patients (unique in the
population on the combination of values of the linkage
variables) in the population register at 1 July in 1995 and in
2000 were used as an estimate of person years at risk. The age
standardised incidence (with 95% CI) was computed by

Abbreviations: AMI, acute myocardial infarction; CHD, coronary heart
disease; CI, confidence interval; ICD-9-CM, International classification of
diseases, ninth revision, clinical modification; MONICA, monitoring
trends and determinants in cardiovascular disease
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direct standardisation to the mean of the mid year age
distribution of men and women in the Dutch population of
2000. Incidence ratios (with 95% CI) were calculated to
compare the incidence of men and women and the (age
standardised) incidence in 2000 and 1995. The 95% CIs were
estimated assuming that the observed number of cases
followed a Poisson distribution.7 Data were statistically
analysed with SPSS software, version 12.0 (SPSS Inc,
Chicago, Illinois, USA).

RESULTS
Table 1 gives general characteristics for both 1995 and 2000.
Two thirds of the patients were men. In 1995, men were on
average 7.6 years younger than women. In 2000, this
difference was 7.4 years. The mean length of hospital stay
was 10 days in 1995 compared with nine days in 2000.

Among men the incidence (per 100 000 person years) was
221 in 1995 and 190 in 2000, and among women, 106 in 1995
and 91 in 2000 (table 2). For both sexes, the incidence
increased with age up to 90 years (up to 80 years among men
in 1995). In both years, the incidence was significantly higher
among men than among women in all age groups (except for
the age group > 90 years in 2000). The incidence was lower
in 2000 than in 1995 in all age groups > 40 years among men
and from 50–90 years among women. Among women aged
, 30 years, the incidence in 2000 was three times higher
than in 1995, but the number of patients was very small
(n = 17). Among women aged 40–49 years, the incidence
increased 18% (95% CI 1% to 37%) from 1995 to 2000.

The age standardised incidence (per 100 000 person years)
of hospitalisation for a first AMI was 140 (95% CI 138 to 142)
in 2000 compared with 171 (95% CI 168 to 172) in 1995, a
decline of 18% (95% CI 16% to 20%). Among both men and
women, the age standardised incidence was lower in 2000
than in 1995, a decline of 19% (95% CI 17% to 21%) and 17%
(95% CI 14% to 19%), respectively.

DISCUSSION
Our study provides the first nationwide evidence that the
incidence of first AMI declined by 19% in men and 17% in
women in the Netherlands from 1995 to 2000. This decline
was seen in all age groups . 40 years in men and from 50–90
years in women.

Strengths and limitations
Some aspects of the study need to be addressed. We excluded
non-uniquely linked hospital admissions. A pilot study
suggested that non-uniqueness relates to large cities, foreign

origin, and age.5 The differences between unique and non-
unique people, however, were small8 and apply to both 1995
and 2000. Moreover, substantial bias in the trends is probably
prevented by excluding non-uniquely linked admissions in
both years and by excluding non-unique people in the
estimates of person years at risk in both years.

The strength of our study relies on the validity of the
registries and linkage methods and the large size and lack of
selection of the cohorts. Recently, it was shown that 99% of
the personal, admission, and discharge data and 84% of the
principal diagnoses (validated through medical record review
by medical specialists) were correctly registered in a random
sample of all hospital admissions registered in the hospital
discharge register (for admissions both with and without
surgical interventions).9 Furthermore, over 97% of the
uniquely linked hospital admissions resulting from linkage
of the hospital discharge register with the population register
were shown to be correctly linked.8

Comparison with other studies
Several other studies estimated trends in incidence of AMI in
the 1990s. However, comparison requires caution due to
methodological differences (differences in data collection,
study population, case definition, or research period).
Linnersjö et al10 identified 50 000 new cases of first AMI
(hospital discharges and deaths) in Stockholm county from
1984–1996 and found a significant annual decline in age
standardised incidence of 2% (95% CI 1.7% to 2.2%) among
men and 1% (95% CI 1.1% to 1.8%) among women. In
Finland, a significant annual decline in incidence of first CHD
(hospital admissions and deaths) of 4% (95% CI 24.7 to
23.3) was shown among 170 000 residents in three towns
from 1983–1997.11 In the USA, a relatively stable age adjusted
incidence of first hospitalised AMI was observed among
360 000 men and women in four communities from 1987–
1996 (annual increase of 1.1% (95% CI 0.0% to 2.1%) in men
and of 1.7% (95% CI 20.1% to 3.4%) in women).12

The decline in hospital stay shown in this study is
consistent with our previous findings.1 From 1980–2000, we
found a decline in hospital stay for (first and recurrent) AMI
from 18 to 10 days. Improvements in management, including
increased use of coronary reperfusion modalities, may have
contributed to this decline.

Factors contributing to AMI trend
The changes we observed may reflect a real decline in
incidence but may also be attributed to a change in risk of
death before hospitalisation, in referral pattern of the general

Table 1 Characteristics of patients hospitalised for a first acute myocardial infarction (AMI) in the Netherlands in 1995 and
2000

Men Women Total

1995 2000 1995 2000 1995 2000

Number of patients 14463 12783 7102 6275 21565 19058
Age at admission (years)

Mean (SD) 64.3 (12.3) 64.2 (12.7) 71.9 (11.8) 71.6 (12.8) 66.8 (12.6) 66.7 (13.2)
Median 65.3 65.0 73.4 73.8 68.0 68.0

Type of hospital
Academic 6.2% 7.5% 5.7% 6.2% 6.0% 7.0%
General 93.8% 92.5% 94.3% 93.8% 94.0% 93.0%

Length of stay (days)
Mean (SD) 9.8 (7.5) 8.9 (8.4) 10.9 (10.1) 10.0 (10.7) 10.1 (8.5) 9.2 (9.3)
Median 9.0 7.0 9.0 8.0 9.0 8.0
C25–C75* 6.0–12.0 5.0–10.0 6.0–13.0 5.0–12.0 6.0–12.0 5.0–11.0

Origin
Native 89.3% 88.3% 90.0% 88.4% 89.6% 88.4%
Non-native 10.7% 11.7% 10.0% 11.6% 10.4% 11.6%

*25th to 75th centile.
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practitioner, in diagnostic criteria, or in classification policy at
the hospital.

Several studies showed a declining trend in risk of death
before hospitalisation during the 1990s.13 14 Although data
have not been collected for the Netherlands, the existence of
a similar or stable trend would not explain the decline in
incidence.

In the present study, we assumed that any changes in
referral pattern by the general practitioners during the
relative short study period were probably too small to affect
the incidence trends. Non-referral of patients with a non-
fatal AMI is negligible in the Netherlands, as unpublished
data from the Rotterdam Study of 7983 men and women
aged > 55 years showed that only 1.7% of all patients with
non-fatal AMIs were not hospitalised (J C M Witteman,
personal communication, 2004).15

The diagnostic criteria of AMI applied in 1995 probably
differed from those in 2000. The application of new, more
sensitive criteria (including assessment of troponin) may
have shifted diagnoses from unstable angina pectoris to
AMI.16 Furthermore, diagnostic improvements during the
study period might have reduced the proportion of unrecog-
nised (silent) infarctions.17 Both phenomena would have led
to an increase in incidence rather than a decline.

In both 1995 and 2000, disease was coded in the hospital
discharge register according to the ICD-9-CM. Since a single
institution is responsible for training hospital staff in coding,
any changes in coding of AMI are likely to be small.
Furthermore, our data showed that AMI constituted 30%
and angina pectoris 39% of CHD in the hospital discharge
register in 1995. Corresponding figures in 2000 were 31% and
40%.1 Therefore, a substantial shift is unlikely.

In conclusion, the decline in incidence between 1995 and
2000 appears to reflect a real decline in incidence of AMI in
the Netherlands. This decline may be attributed to favourable
changes in risk factors, as some beneficial changes occurred
during the 1990s (for example, declining hypercholestero-
laemia prevalence). Other risk factors, however, remained
constant (such as hypertension) or even increased (over-
weight and obesity).18

Conclusion
Our study provides, for the first time, nationwide incidence
estimates of hospitalisation for first AMI in the Netherlands.
The results of this study show a considerable decline in risk of
AMI between 1995 and 2000.
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Use of magnetic resonance imaging in the diagnosis of aneurysm of fossa ovalis

A
15 year old active female with a clinical
transient ischaemic attack was
referred to our institute to rule out a

cardioembolic origin to the episode.
Magnetic resonance (MR) imaging revealed
a mobile atrial septal aneurysm into the right
atrium during systole with a 17 mm protru-
sion beyond the plane of the interatrial
septum and a diameter of the base of
aneurysm portion of the interatrial septum
of 16 mm (panels A and B, videos 1 and 2: to
view video footage visit the Heart website—
http://www.heartjnl.com/supplemental). The
use of high resolution cine gradient echo
sequence is particularly sensitive for detect-
ing slow flow and is able to differentiate it
from a mass. The aneurysm of the fossa
ovalis in this sequence showed slow flow and
it might indicate the possibility of formation
of thrombi in the saccular cavity (panel A)

Aneurysm of the fossa ovalis is a protrud-
ing, space occupying, atrial septal structure
clinically identified by serial imaging mod-
alities. An association between atrial septal
aneurysm and focal cerebral ischaemic
events (stroke and transient ischaemic
attack) has been suggested. Nevertheless,
the role of aneurysm of the fossa ovalis as a
risk factor for cerebral ischaemia is poorly
defined. MR imaging techniques such as
phase contrast sequences allow quantifica-
tion of blood velocity profiles through these
septal defects at different times during the
cardiac cycle.

This case indicates the potential of cardiac
MR imaging in the evaluation of aneurysm
of the fossa ovalis as a potential source of
embolism.

A Sonlleva
P Robles

J Parra
probles@fhalcorcon.es

To view video footage visit the Heart website—
http://www.heartjnl.com/supplemental

Left: Cine gradient sequence in four chamber view showing a mobile atrial septal aneurysm into the
right atrium (arrows). Right: Same plane with slow flow effect in the saccular cavity. LA, left atrium;
RA, right atrium.

Left: Cine gradient sequence in systolic sagittal view. Right: Cine gradient sequence in diastolic
sagittal view showing atrial septal aneurysm (arrows).
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